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* NOTICES* • " 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The phase which irradiates a laser beam towards the weld zone of a work piece from an YAG 
laser, The phase of detecting the reflected light from the weld zone concerned of the irradiated laser 
beam, The phase which computes frequency distribution of the signal acquired from the detected 
reflected light, If the phase which computes the signal strength in the specific frequency band of the 
computed frequency distribution, and the computed signal strength are over the reference value set up 
beforehand The quality monitoring approach of the laser-welding section characterized by including the 
phase judged that generating of porosity is in a normal range if generating of porosity judges that it is 
excessive and is not over the reference value. 

[Claim 2] The phase which computes said frequency distribution is the quality monitoring approach of 
the laser-welding section according to claim 1 characterized by having the phase of changing the 
detected reflected light into an electrical signal, and the phase which computes frequency distribution of 
the electrical signal concerned based on aging of the changed electrical signal. 
[Claim 3] The specific frequency band for computing said signal strength is the quality monitoring 
approach of the laser- welding section according to claim 1 or 2 characterized by making it change 
according to at least one numeric value in aspect ratio H/D computed from depth H of the keyhole of the 
weld zone in the board thickness of said work piece, the speed of travel, and said work piece, and the 
width of face D of the keyhole concerned. 

[Claim 4] Calculation of said signal strength is the quality monitoring approach of the laser-welding 
section according to claim 1 or 2 characterized by being carried out using the band-pass filter which 
passes the signal of only said specific frequency band, using the fast Fourier transform (FFT) which 
computes frequency distribution of signal strength. 

[Claim 5] The YAG laser which irradiates a laser beam towards the weld zone of a work piece, A 
reflected light detection means to detect the reflected light from the weld zone concerned of the 
irradiated laser beam, An electrical signal conversion means to change the detected reflected light into 
an electrical signal, and a frequency distribution calculation means to compute frequency distribution of 
the electrical signal concerned based on aging of the changed electrical signal, If a signal strength 
calculation means to compute the signal strength in the specific frequency band of the computed 
frequency distribution, and the computed signal strength are over the reference value set up beforehand 
The quality monitoring apparatus of the laser-welding section characterized by having a welding quality 
decision means to judge that generating of porosity is in a normal range if generating of porosity judges 
that it is excessive and is not over the reference value. 

[Claim 6] Said reflected light detection means is the quality monitoring apparatus of the laser-welding 
section according to claim 5 characterized by having the interference filter which makes only the light of 
the wavelength of said YAG laser beam of light penetrate in order to detect only the reflected light of 
said YAG laser beam of light. 

[Claim 7] Said signal strength calculation means is the quality monitoring apparatus of the laser-welding 
section according to claim 5 characterized by changing the specific frequency band for computing signal 



http://www4.ipdl. inpit.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F°/o2Fwww4.ipdl.in... 5/17/2007 



JP,2002-321073,A [CLAIMS] 



Page 2 of 4 



strength according to at least one numeric Value in aspect ratio H/D computed from depth H of the 
keyhole of the weld zone in the board thickness of said work piece, the speed of travel, and said work 
piece, and the width of face D of the keyhole concerned. 

[Claim 8] Said signal strength calculation means is the quality monitoring apparatus of the laser-welding 
section according to claim 5 characterized by computing signal strength using the band-pass filter which 
passes the signal of only said specific frequency band, using the fast Fourier transform (FFT) which 
computes frequency distribution of signal strength. 

[Claim 9] The phase which irradiates a laser beam towards the weld zone of a work piece from an YAG 
laser, The phase of detecting the reflected light from the weld zone concerned of the irradiated laser 
beam, The phase which computes frequency distribution of the signal acquired from the detected 
reflected light, At least one signal strength in the signal strength in the 2nd frequency band for detecting 
generating of the signal strength in the 1st frequency band for detecting generating of under-filling 
among the computed frequency distribution, or porosity, The phase which computes the signal strength 
in the 3rd frequency band for detecting generating of non-joining, One shaft shows the magnitude of the 
signal strength of said 1st frequency band and said 2nd frequency band. The phase where the shaft of 
another side plots virtually the signal strength of each of said frequency band computed by the 
imagination biaxial system of coordinates which show the magnitude of the signal strength of said 3rd 
frequency band, The quality monitoring approach of the laser-welding section characterized by 
including the phase of judging generating of at least one welding condition among under-filling, 
porosity, and non-joining by whether the signal strength of each of said frequency band being virtually 
plotted by which field of said biaxial system of coordinates. 

[Claim 10] The phase which computes said frequency distribution is the quality monitoring approach of 
the laser-welding section according to claim 9 characterized by having the phase of changing the 
detected reflected light into an electrical signal, the phase of memorizing aging of the changed electrical 
signal, and the phase that computes frequency distribution of the electrical signal concerned based on 
aging of an electrical signal. 

[Claim 11] The quality monitoring approach of the laser- welding section according to claim 9 or 10 
characterized by specifying the under-filling field forjudging generating of one welding condition of 
under-filling, porosity, and non-joining, the porosity field, and the non-joining field in said biaxial 
system of coordinates. 

[Claim 12] The quality monitoring approach of the laser- welding section according to claim 1 1 
characterized by specifying the excellent article field forjudging further that one welding condition of 
under-filling, porosity, and non-joining has not occurred in said biaxial system of coordinates. 
[Claim 13] The quality monitoring approach of the laser- welding section according to claim 12 
characterized by specifying the mixture field where it is difficult for the boundary of the under-filling 
field of said biaxial system of coordinates, a porosity field, a non-joining field, and each excellent article 
field to specify the class of welding condition. 

[Claim 14] furthermore, when the imagination plot of the signal strength of one of frequency bands is 
made into said mixture field The phase of dividing into time series aging of the electrical signal 
memorized to one welding part to two or more fields, The phase which computes frequency distribution 
of said electrical signal for said every field based on aging of the electrical signal in each divided field, 
At least one signal strength in signal strength [ in / to each of the frequency distribution computed for 
said every field / said 1st frequency band ], or the signal strength in said 2nd frequency band, The phase 
which computes the signal strength in said 3rd frequency band, and the phase which plots virtually the 
signal strength of each of said frequency band computed by said biaxial system of coordinates for said 
every field, By whether the signal strength of each of said frequency band is virtually plotted by which 
field of said biaxial system of coordinates The phase of judging generating of at least one welding 
condition for said every field among under- filling, porosity, and non-joining, The quality monitoring 
approach of the laser- welding section according to claim 13 characterized by having the phase of 
judging the condition of the quality of said welding part synthetically, based on said decision. 
[Claim 15] The phase of judging the condition of the quality of said welding part synthetically The 
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number of said fields judged that at least one welding condition has occurred among under-filling, 
porosity, and non-joining The quality monitoring approach of the laser-welding section according to 
claim 14 characterized by judging that there is a problem in the quality of the welding part, and judging 
that there is no problem in the quality of the welding part when that is not right when it is over the fixed 
rate to the number of said divided fields. 

[Claim 16] Said each the 1st to 3rd frequency band for computing said signal strength is the quality 
monitoring approach of the laser- welding section given in either claim 9 characterized by making it 
change according to at least one numeric value in aspect ratio H/D computed from depth H of the 
keyhole of the weld zone in the board thickness of said work piece, the speed of travel, and said work 
piece, and the width of face D of the keyhole concerned, claim 10 or claim 14. 
[Claim 17] The YAG laser which irradiates a laser beam towards the weld zone of a work piece, A 
reflected light detection means to detect the reflected light from the weld zone concerned of the 
irradiated laser beam, An electrical signal conversion means to change the detected reflected light into 
an electrical signal, and a storage means to memorize aging of the changed electrical signal, A frequency 
distribution calculation means to compute frequency distribution of the electrical signal concerned based 
on aging of an electrical signal, At least one signal strength in the signal strength in the 2nd frequency 
band for detecting generating of the signal strength in the 1st frequency band for detecting generating of 
under-filling among the computed frequency distribution, or porosity, A signal strength calculation 
means to compute the signal strength in the 3rd frequency band for detecting generating of non-joining, 
One shaft shows the magnitude of the signal strength of said 1 st frequency band and said 2nd frequency 
band. The shaft of another side to the imagination biaxial system of coordinates which show the 
magnitude of the signal strength of said 3rd frequency band By whether the signal strength of each of 
said computed frequency band is plotted virtually, and the signal strength of each of said frequency band 
is virtually plotted by which field of said biaxial system of coordinates Under-filling, porosity, the 
quality monitoring apparatus of the laser-welding section characterized by having a welding quality 
decision means to judge generating of at least one welding condition among non-joining. 
[Claim 1 8] Said reflected light detection means is the quality monitoring apparatus of the laser- welding 
section according to claim 1 7 characterized by having the interference filter which makes only the light 
of the wavelength of said YAG laser beam of light penetrate in order to detect only the reflected light of 
said YAG laser beam of light. 

[Claim 19] The quality monitoring apparatus of the laser- welding section according to claim 17 
characterized by specifying the under-filling field forjudging generating of one welding condition of 
under-filling, porosity, and non-joining, the porosity field, and the non-joining field in said biaxial 
system of coordinates. 

[Claim 20] The quality monitoring apparatus of the laser- welding section according to claim 19 
characterized by specifying the excellent article field forjudging having not generated further the 
welding condition in which under-filling, porosity, and non-joining are not, either in said biaxial system 
of coordinates. 

[Claim 21] The quality monitoring apparatus of the laser-welding section according to claim 20 
characterized by specifying the mixture field where it is difficult for the boundary of the under-filling 
field of said biaxial system of coordinates, a porosity field, a non-joining field, and each excellent article 
field to specify the class of welding condition. 

[Claim 22] furthermore, when the imagination plot of the signal strength of one of frequency bands is 
made into said mixture field It has a division means to divide into time series aging of an electrical 
signal to one welding part memorized by said storage means to two or more fields. Said welding quality 
decision means The quality monitoring apparatus of the laser- welding section according to claim 21 
characterized by judging generating of at least one welding condition among under-filling, porosity, and 
non-joining for said every field, and judging the condition of the quality of said welding part 
synthetically based on the decision. 

[Claim 23] The number of said fields judged that at least one welding condition has generated said 
welding quality decision means among under-filling, porosity, and non-joining The quality monitoring 
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apparatus of the laser-welding section according to claim 22 characterized by judging that there is a 
problem in the quality of the welding part, and judging that there is no problem in the quality of the 
welding part when that is not right when it is over the fixed rate to the number of said divided fields. 
[Claim 24] Said each the 1st to 3rd frequency band for computing said signal strength is the quality 
monitoring apparatus of the laser- welding section according to claim 1 7 or 22 characterized by making 
it change according to at least one numeric value in aspect ratio H/D computed from depth H of the 
keyhole of the weld zone in the board thickness of said work piece, the speed of travel, and said work 
piece, and the width of face D of the keyhole concerned. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the quality monitoring approach of the laser-welding 
section, and its equipment, and relates to the quality monitoring approach of the laser- welding section 
which can carry out monitoring of the generating of welding conditions, such as porosity of the laser- 
welding section, under-filling, and non-joining, especially, and its equipment. 
[0002] 

[Description of the Prior Art] Welding of a very thin steel plate which is used for the body of an 
automobile has some which are performed by laser welding. Laser welding is used because it is 
equipped with many advantages — that laser welding does not need to sandwich a steel plate from front 
flesh-side both sides as compared with spot welding, and it can weld from one side, or the interior can 
be easily welded even if it is the slot of a thin complicated configuration. However, on the other hand, 
there is a fault of a lifting or a cone for deterioration of the welding quality by the poor doubling 
precision of a steel plate and deterioration of the sudden welding quality resulting from contamination of 
a weld zone. 

[0003] Therefore, it enables it to predict the condition of the quality of the laser- welding section on real 
time using the monitoring approach which is indicated by the former, for example, JP,2000-271768,A. 
With the technique currently indicated by the above-mentioned official report, the luminous intensity 
which detected the light from the plume generated in the keyhole of the laser-welding section and the 
reflected light of the irradiated YAG laser, and was detected by each sensor by two sensors by which 
detection include angles differ detects change of a welding condition (an output, a focal location, work- 
piece gap), and the condition of the quality of the laser- welding section is predicted on real time. 
[0004] 

[Problem(s) to be Solved by the Invention] However, by the monitoring approach of the conventional 
welding quality, although generating of the welding condition nonconformance of deviating from the 
welding condition (under-filling) that a slot will be made to the laser-welding section, and a regular 
welding condition is detectable, generating of the porosity (porosity-izing) of a weld zone generated at 
the time of laser welding, such as a galvanized steel sheet, has the problem of being hard to detect. 
[0005] Generating of porosity cannot detect easily, because the condition of welding quality is judged 
based on the light emitted from the part (keyhole) which laser light is irradiated and the monitoring 
approach of the conventional welding quality is fusing. Although porosity is generated because a zinc 
steam mixes in a keyhole, it is because the light emitted from a keyhole hardly changes even if a zinc 
steam mixes. 

[0006] Moreover, although a non-joining condition with imperfect joining of an up-and-down plate will 
occur by the monitoring approach of the conventional welding quality if between up-and-down plate 
gaps is too large when performing a lap welding, there is a problem of being hard to detect generating of 
this non-joining condition. 

[0007] Although generating of welding conditions, such as under-filling except porosity and non- 
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joining, and welding condition nonconformance is detectable also by the monitoring approach of the 
conventional welding quality, since the detection approaches differ for every class of welding condition, 
in order to carry out the detection, very complicated computation is needed. Therefore, there is also a 
problem that the processing burden of CPU to the computation becomes large. 
[0008] Furthermore, by the monitoring approach of the conventional welding quality, when welding 
conditions, such as under-filling except porosity and non-joining, and a welding condition 
nonconformance condition occur over the whole part which welded, generating of those conditions can 
detect easily, but when those conditions occur into a part of part which welded, there is also a problem 
that where of generating of those conditions is easily undetectable. 

[0009] This invention is accomplished in view of such a conventional trouble, can detect certainly 
generating of welding conditions, such as porosity of the laser-beam-welding section, under-filling, and 
non-joining, without enlarging the processing burden of CPU, and aims at offer of the quality 
monitoring approach of the laser-beam-welding section which can also detect certainly generating of 
welding conditions, such as porosity, under-filling, and non-joining, in a part of laser-beam- welding 
section, and its equipment. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem and to attain 
the object, the quality monitoring approach of the laser- welding section concerning invention according 
to claim 1 The phase which irradiates a laser beam towards the weld zone of a work piece from an YAG 
laser, The phase of detecting the reflected light from the weld zone concerned of the irradiated laser 
beam, The phase which computes frequency distribution of the signal acquired from the detected 
reflected light, If the phase which computes the signal strength in the specific frequency band of the 
computed frequency distribution, and the computed signal strength are over the reference value set up 
beforehand If generating of porosity judges that it is excessive and is not over the reference value, it is 
characterized by including the phase judged that generating of porosity is in a normal range. 
[001 1] Since only the signal strength of a specific frequency band required for detection of generating of 
too much porosity is extracted from the signal which detected the reflected light of an YAG laser beam 
of light suitable for detection of generating of porosity, and was generated based on that reflected light 
according to this invention according to claim 1 , based on the signal strength of that extracted signal, 
extent of generating of porosity can judge easily. Therefore, generating of too much porosity which was 
difficult to detect conventionally can detect certainly. 

[0012] In order to solve the above-mentioned technical problem and to attain the object, the quality 
monitoring approach of the laser- welding section concerning invention according to claim 9 The phase 
which irradiates a laser beam towards the weld zone of a work piece from an YAG laser, The phase of 
detecting the reflected light from the weld zone concerned of the irradiated laser beam, The phase which 
computes frequency distribution of the signal acquired from the detected reflected light, At least one 
signal strength in the signal strength in the 2nd frequency band for detecting generating of the signal 
strength in the 1st frequency band for detecting generating of under-filling among the computed 
frequency distribution, or porosity, The phase which computes the signal strength in the 3rd frequency 
band for detecting generating of non-joining, One shaft shows the magnitude of the signal strength of 
said 1st frequency band and said 2nd frequency band. The phase where the shaft of another side plots 
virtually the signal strength of each of said frequency band computed by the imagination biaxial system 
of coordinates which show the magnitude of the signal strength of said 3rd frequency band, It is 
characterized by including the phase of judging generating of at least one welding condition among 
under-filling, porosity, and non-joining, by whether the signal strength of each of said frequency band is 
virtually plotted by which field of said biaxial system of coordinates. 

[0013] According to this invention according to claim 9, the reflected light of an YAG laser beam of 
light is detected. Under-filling from the signal generated based on the reflected light, porosity, By 
whether those signal strength is plotted by which field of biaxial system of coordinates by extracting the 
signal strength of the 1st - the 3rd frequency band suitable for detection of generating of at least one 
welding condition in non-joining, respectively Since generating of the welding condition of under- 
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filling, porosity, and non-joining is judged, generating of two or more welding conditions can detect 

certainly. 

[0014] 

[Effect of the Invention] Since only the signal strength of a specific frequency band required for 
detection of generating of too much porosity is extracted from the signal which detected the reflected 
light of an YAG laser beam of light suitable for detection of generating of porosity, and was generated 
based on the reflected light according to invention according to claim 8 from claim 1 as explained 
above, generating of too much porosity which was difficult to detect conventionally can detect certainly. 

[0015] Moreover, since the specific frequency band for computing signal strength is changed according 
to at least one numeric value in aspect ratio H/D computed from depth H of the keyhole of the weld zone 
in the board thickness of a work piece, the speed of travel, and said work piece, and the width of face D 
of the keyhole concerned, dispersion in board thickness, the speed of travel, and the generating detection 
precision of the porosity by difference of an aspect ratio is cancelable. 

[0016] Moreover, according to invention according to claim 24, the reflected light of an YAG laser 
beam of light is detected from claim 9. Under-filling from the signal generated based on the reflected 
light, porosity, By whether those signal strength is plotted by which field of biaxial system of 
coordinates by extracting the signal strength of the 1st - the 3rd frequency band suitable for detection of 
generating of at least one welding condition in non-joining, respectively Since generating of the welding 
condition of under-filling, porosity, and non-joining is judged, generating of two or more welding 
conditions can detect certainly. Moreover, the thing which one of welding conditions has generated, or 
when it cannot judge having generated neither of the welding conditions clearly Since aging of the 
electrical signal memorized to one welding part is divided into time series to two or more fields and the 
condition of the quality of a welding part is re-judged about each of that divided field It becomes easy to 
judge the right or wrong of generating of one of welding conditions synthetically, and decision of 
generating of one of welding conditions comes be further made to high degree of accuracy. 
[0017] 

[Embodiment of the Invention] Below, with reference to an accompanying drawing, the gestalt of 
suitable operation of the quality monitoring approach of the laser-welding section concerning this 
invention and its equipment is divided into the gestalt 1 (it corresponds to claims 1-8) of operation, and 
the gestalt 2 (it corresponds to claims 9-24) of operation, and it explains at a detail taking the case of the 
case where welded part material is a galvanized steel sheet. 

(Gestalt 1 of operation) Drawing 1 is the concrete block diagram of the YAG laser welding equipment 
equipped with the quality monitoring apparatus concerning this invention. 

[0018] A fiber-optic cable 2 is attached in the upper part of the YAG laser welding equipment 100, and 
the laser beam from the YAG laser oscillator (YAG laser) which is not illustrated by the fiber-optic 
cable 2 is led to the YAG laser welding equipment 100. From the center section of the YAG laser 
welding equipment 100, it applies to the lower part and the condensing optical system for condensing 
the drawn laser beam is arranged. The condensing optical system has a collimator lens 3 and a condenser 
lens 4, and after the drawn laser beam is made into a parallel ray with a collimator lens 3, it is condensed 
by the front face of a work piece (car-body panel) 5 with a condenser lens 4. Melting of the condensed 
part (weld zone) is carried out by the energy of a laser beam, and work pieces are welded. 
[0019] Moreover, sensor 6b is arranged in sensor 6a which functions on the lower side face of the YAG 
laser welding equipment 100 as a reflected light detection means from the front face of a work piece 5 in 
the location of 60 elevation angles (theta 1), and the location of ten elevation angles (theta 2). Sensor 6a 
is a sensor for detecting the reflected light of the laser beam reflected without being absorbed by the 
work piece 5 after the weld zone mainly irradiated. Sensor 6b is a sensor for detecting the plasma light 
(light) generated from a weld zone on the occasion of welding. The welding quality of a weld zone is 
judged by real time based on the light (reflected light and plasma light) detected by both the sensors 6a 
and 6b. Since the monitoring approach of this invention and a monitoring apparatus detect generating of 
porosity using the reflected light of a laser beam, sensor 6a becomes an important sensor especially. 
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[0020] Drawing 2 is the conceptual diagram of the YAG laser welding equipment equipped with the 
quality monitoring apparatus concerning this invention. The YAG laser welding equipment shown in 
drawing is equipped with the YAG laser oscillator 1, after the laser beam generated with this YAG laser 
oscillator 1 is led to condensing optical system by the fiber-optic cable 2 and is made into parallel light 
with a collimator lens 3 , it is condensed by the front face of a work piece 5 with a condenser lens 4, and 
it welds a work piece 5 by the power of that condensed laser beam. 

[0021] On the other hand, sensor 6a is arranged in the 1st location where the elevation angle theta 1 
from the front face of a work piece 5 becomes 60 degrees, and the reflected light of the YAG laser 
reflected without being absorbed by the work piece 5 after this sensor 6a irradiated at the weld zone F is 
changed into the electrical signal according to that reinforcement. Therefore, sensor 6a functions as an 
electrical signal conversion means. Moreover, sensor 6b is arranged in the 2nd location where the 
elevation angle theta 2 from the front face of a work piece 5 becomes 10 degrees, and the plasma light 
(light) from the plume (hot metallic fumes) generated in a weld zone F on the occasion of welding by 
this sensor 6b is changed into the electrical signal according to that reinforcement. The electrical signal 
changed by both the sensors 6a and 6b is inputted into the metering device 7 which consists of an 
amplifier (pre amplifier), a band pass filter, an A/D converter, a personal computer, etc. 
[0022] Said sensors 6a and 6b consist of two photodiodes 8 and 9, and dichroic mirrors 10 and the 
interference filters 1 1 which penetrate only 1064nm**10nm wavelength, as shown in drawing 3 . 
[0023] In the sensors 6a and 6b concerned, the light from the weld zone which carried out incidence 
from the left-hand side in drawing is first chosen according to wavelength with a dichroic mirror 10. 
That is, it is reflected by the dichroic mirror 10, the light with a wavelength of 500nm or less is led to a 
photodiode 8, it is changed into an electrical signal as a plasma light, and the reinforcement is detected. 
On the other hand, after the infrared light of the incident light from a weld zone penetrates a dichroic 
mirror 10, only the YAG laser light which has the wavelength of 1 .06 micrometers penetrates an 
interference filter 11, and it is led to a photodiode 9, is changed into an electrical signal as the YAG 
reflected light, and is inputted into said metering device 7, respectively. Since the monitoring approach 
of this invention and a monitoring apparatus detect generating of porosity using the reflected light of a 
laser beam, the electronic signal from a photodiode 9 formed in sensor 6a will be used for them. 
[0024] Drawing 4 is drawing showing the concrete configuration of the metering device 7 shown in 
drawing 2 . This metering device 7 is formed to each of the photodiodes 8 and 9 formed in each sensors 
6a and 6b. Therefore, four metering devices 7 are formed in the monitoring apparatus of this invention. 
The configuration of each metering device 7 is the same. 

[0025] Amplifier (pre amplifier) 7A to which a metering device 7 amplifies the electrical signal from a 
photodiode 9 to fixed level, A/D converters 7B and 7D which transform into a digital electrical signal 
the electrical signal of the analog outputted from amplifier 7A, Band pass filter 7C which passes only 
the electrical signal of a specific frequency band, The function as a frequency distribution calculation 
means to compute frequency distribution of the inputted electrical signal, It consists of display 7F for 
displaying the decision result of personal computer 7E equipped with the function as a signal strength 
calculation means to compute the signal strength in a specific frequency band, and the function as a 
welding quality decision means to judge the situation of generating of porosity, and welding quality. 
[0026] Drawing 5 to drawing 7 is drawing with which explanation of the detection principle of welding 
quality is presented. By analyzing the light from a weld zone explains why welding quality is detectable 
based on these drawings. Drawing 5 and drawing 6 show the generating situation of the porosity at the 
time of carrying out the lap welding of the galvanized steel sheet which is the object-ed of welding. As 
shown in drawin g 5 , the keyhole 25 which the irradiated part (weld zone) will begin to fuse in response 
to the energy of a laser beam, and the metal will fuse with the YAG laser welding equipment 100 if the 
YAG laser beam of light of a high-power consistency is irradiated by the matching section 20 of a 
galvanized steel sheet is formed. At this time, in the melting temperature of the steel 22 which is a base 
material, the zinc galvanizing layer 21 plated on the surface of the steel plate becomes metallic fumes, 
and the air-bubbles-like porosity (blowhole) 23 generates it in a keyhole 25 with the pressure of metallic 
fumes. 
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[0027] As shown in drawing 6 , the laser beam is absorbed with the wall 26 of the front face of a 
keyhole 25. In the lap welding of a galvanized steel sheet, when the zinc galvanizing layer 21 which 
exists in the interface of the steel plate of two sheets melts, the zinc metallic fumes 27 spout in a keyhole 
25. This becomes porosity 23. To the plume 28 which the zinc metallic fumes 27 spouted from opening 
of a keyhole 25 in welding with an YAG laser beam of light since the wavelength of a laser beam was as 
short as about 1 .06 micrometers, the laser beam is almost transparent. Therefore, even if it observes a 
plume 28, a high-speed phenomenon like the existence of porosity 23 cannot be caught. 
[0028] However, it is thought that the reflected light of an YAG laser beam of light changes with the 
conditions of the wall 26 of keyhole 25 front face. When the condition of the wall 26 of keyhole 25 front 
face is changed by the blowout of the zinc metallic fumes 27, the reflected light of a laser beam will also 
be changed. Since this phenomenon happens in the keyhole 25 interior near a steel plate interface, by 
sensor 6b which has an observation include angle in a low location, it cannot be caught but can be 
caught only by sensor 6a which has an observation include angle in a high location. 
[0029] Therefore, the fluctuation condition of the wall 26 of keyhole 25 front face needs to set up the 
include angle which installs sensor 6a within the limits of the include angle which can be caught by the 
reflected light. It is the include angle of the range of 70 degrees from 45 elevation angles of the range 
which the Actuation condition of the wall 26 of keyhole 25 front face can catch by the reflected light, 
without interfering in the laser beam irradiated by the weld zone actually. In addition, the still more 
nearly optimal include angle in within the limits of this include angle is decided according to the 
welding condition of the clearance between board thickness and a plate, the power of a laser beam, a 
focal location, etc., etc. With the gestalt of this operation, as shown in drawing 1 , it is considering as 60 
elevation angles. 

[0030] Moreover, since the metal fused by the keyhole 25 flows into the clearance 30 when galvanized 
steel sheets do not touch exactly in the matching section 20 and some clearances 30 are generated, as 
shown in drawing 7 , the welding condition of under- filling 3 1 occurs. Generating of this under- filling 
3 1 can be caught also by sensor 6b in the location where an observation include angle is low. 
[0031] The processing for next detecting porosity by the monitoring apparatus concerning this invention 
is explained referring to drawing 12 from the flow chart and drawing 9 of drawing 8 . Data, such as a 
wave shown in drawing 12 from drawing 9 , are obtained as a result of being measured based on the 
following welding condition (basic welding condition). The outputs of an YAG laser are 3Kw(s) at a 
processing point. The thickness of a galvanized steel sheet used the 0.8mm thing, respectively. The 
speed of travel is 4.5 m/min. 

[0032] The flow chart of drawing 8 shows the procedure of the monitoring approach concerning this 
invention. If an YAG laser beam of light is irradiated by the matching section 20 of a galvanized steel 
sheet as shown in drawing 6 , the irradiated part will fuse in response to the energy of a laser beam. 
Since the fused metal is very an elevated temperature, from a keyhole 25 and a plume 28, the light, 
infrared light, the reflected light of an YAG laser beam of light, etc. are emitted to a radial. Sensor 6a 
and sensor 6b carry out incidence of such light, and change them into an electrical signal. The changed 
electrical signal is stored in the storage which personal computer 7E (refer to drawing 4 ) does not 
illustrate (SI). 

[0033] Drawing 9 is the wave form chart (changed with the photodiode 9) of the electrical signal 
acquired from the reflected light of an YAG laser beam of light when welding is performed under a 
basic welding condition. The wave form chart of this electrical signal is created with the sampling 
frequency of 20kHz. In this wave form chart, an axis of ordinate expresses signal strength and the axis 
of abscissa expresses time amount. Moreover, YH shows the time fluctuation situation of the reflected 
light caught by sensor 6a which has an observation include angle in a high location. YL shows the time 
fluctuation situation of the reflected light caught by sensor 6b which has an observation include angle in 
a low location. The wave of the "excellent article" with which normal welding was performed, a 
"porosity article" with excessive generating of porosity, and the "under-filling article" which under- 
filling produced is shown by this drawing. Since the wave configurations differ [ in the case of an under- 
filling article ] clearly in the case of an excellent article, decision of that it is an under-filling article is 
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easy. However, in the case of a porosity article, since a difference is not looked at by the wave 
configuration only by the comparison with the case of an excellent article, decision of that it is a 
porosity article is difficult. 

[0034] Drawing 10 is the wave form chart (changed with the photodiode 8) of the electrical signal 
acquired from the light of a keyhole 25 and a plume 28 when welding is performed under a basic 
welding condition. This wave form chart is also created with the sampling frequency of 20kHz. In this 
wave form chart, an axis of ordinate expresses signal strength and the axis of abscissa expresses time 
amount. Moreover, YH shows the time fluctuation situation of the light caught by sensor 6a which has 
an observation include angle in a high location. YL shows the time fluctuation situation of the light 
caught by sensor 6b which has an observation include angle in a low location. The wave of the 
"excellent article" with which normal welding was performed, a "porosity article" with excessive 
generating of porosity, and the "under-filling article" which under-filling produced is shown by this 
drawing. Since the waves differ [ in the case of an under-filling article ] clearly in the case of an 
excellent article, decision of that it is an under-filling article is easy. However, in the case of a porosity 
article, since a difference is not looked at by the wave configuration only by the comparison with the 
case of an excellent article, decision of that it is a porosity article is difficult. 
[0035] Thus, differentiation with an excellent article and a porosity article is difficult only by each 
sensors 6a and 6b investigating the time on-the-strength change condition of the reflected light and each 
light. For this reason, among the waves stored in storage, an observation include angle takes out the 
wave of only YH which shows the time fluctuation situation of the reflected light caught by sensor 6a in 
a high location, and performs an FFT (fast Fourier transform) signal strength operation to this wave 
(S2). 

[0036] Drawing 1 1 is the wave form chart which performed the FFT signal strength operation to the 
wave of YH shown in drawing 9 , and was obtained as a result. In this wave form chart, an axis of 
ordinate expresses relative signal strength, and the axis of abscissa expresses the frequency. Relative 
signal strength is an amount which shows how many signal components of each frequency are 
contained, and this relative signal strength does not have a unit. If this drawing is seen and an FFT signal 
strength operation will be performed so that clearly, a difference will arise in distribution of relative 
signal strength also between an excellent article and a porosity article. That is, although the peak part of 
relative signal strength of an excellent article exists near 100Hz to 500Hz, the peak part of relative signal 
strength of a porosity article exists near 0Hz to 1000Hz. By the quality monitoring approach of this 
invention, this difference is differentiated as follows. 

[0037] The inside of the wave of drawing 1 1 obtained as a result of performing an FFT (fast Fourier 
transform) signal strength operation, The total value of the signal strength between 605Hz and 650Hz is 
computed (S3). If the total value exceeds 170,000 set up as a reference value (S4:Yes), it judges that 
generating of porosity is excessive (S5), and if it has not exceeded (S4:No), it will be judged that 
generating of porosity is in a normal range (S6). In addition, although not shown in a flow chart, the 
decision result of generating of porosity is displayed on display 7F. 

[0038] The Mahalanobis distance is computed from the wave-like characteristic quantity of drawing 1 1 
obtained next as a result of performing an FFT (fast Fourier transform) signal strength operation (S7). It 
expresses with distance how many the wave-like characteristic quantity (location) of the observed work 
piece have separated this Mahalanobis distance from the normalized criteria space which was obtained 
from the wave-like characteristic quantity of an excellent article. According to the found Mahalanobis 
distance, a distribution map as shown in drawing 12 is created. For example, if the axis of ordinate 
writes the characteristic quantity (location) obtained from the wave form chart of drawing 1 1 in the 
graph used as FFT signal strength and the Mahalanobis distance to which the pair numeral of the axis of 
abscissa was carried out as shown in drawing 12 , it is distributed according to the characteristic quantity 
of each work piece. 

[0039] if the Mahalanobis distance exceeds a reference value 1000 based on this distribution map 
(S8: Yes), under-filling will have arisen - judging - (S9) - if it has not exceeded (S8:No), it is judged 
that under-filling is not produced (S10). 
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[0040] Although it judged" whether generating of porosity would be excessive with the gestalt of the 
above operation based on the total value of the signal strength of a specific frequency band So that it 
may understand, if the distribution map of drawing 12 is seen a porosity article Since the Mahalanobis 
distance is two or less and signal strength is distributed over 170000 or more fields From the wave-like 
characteristic quantity of drawing 1 1 obtained as well as the case where generating of under-filling is 
judged as a result of performing an FFT (fast Fourier transform) signal strength operation It can judge 
whether generating of porosity is excessive also by computing the Mahalanobis distance and the signal 
strength of a specific frequency band, and judging to which field this distance and signal strength 
belong. 

[0041] In addition, although board thickness is 0.8mm and the case where the speed of travel welded by 
the welding condition of 4.5 m/min was stated with the gestalt of the above operation, the quality 
monitoring approach and quality monitoring apparatus of this invention are applicable also to other 
speed of travel and board thickness. When the speed of travel or board thickness differs from the above- 
mentioned welding condition, the specific frequency forjudging generating of porosity is changed. This 
is because an effective specific frequency will also change in order to judge generating of the welding 
condition of porosity with this change if the speed of travel or board thickness changes. In order to 
maintain the precision which judges that porosity occurred, the optimal frequency for decision of 
generating of porosity exists naturally by the speed of travel or board thickness. 
[0042] When changing this specific frequency how by change of the speed of travel or board thickness, 
it asked for whether decision of generating of porosity is always made to accuracy by the following 
experiments. Board thickness welded by piling up the steel plate of two sheets using the galvanized steel 
sheet which are 0.8mm, 1.0mm, and 1.2mm as a work piece. The speed of travel was changed between 
3.0 m/min - 5.0 m/min. The outputs of an YAG laser are 3Kw(s) at a processing point, and this output 
was fixed. 

[0043] First, the case where board thickness changes is explained. The experiment fixed the speed of 
travel by 3.5 m/min, and changed the board thickness sum total of two sheets among 1 .6mm - 2.4mm. 
For example, when the board thickness sum total was 2.4mm and porosity occurred, the inclination for 
the signal strength of a 0 to 500Hz frequency band to become high was seen. When sum total board 
thickness was lowered, the frequency band with which signal strength becomes high became large. The 
result of this experiment is shown in drawing 13 . 

[0044] As shown in drawing 13 , by 1 .6mm, the signal strength of a 0 to 1000Hz frequency band 
becomes [ the board thickness sum total ] high, the signal strength of a 0 to 800Hz frequency band 
becomes high in 1.8mm, the signal strength of a 0 to 700Hz frequency band becomes high in 2.0mm, 
and the signal strength of a 0 to 500Hz frequency band becomes high in 2.4mm. Therefore, decision of 
generating of porosity decides which frequency band performs by what mm the board thickness sum 
total is. In addition, the relation of the board thickness sum total and a frequency as shown in drawing 13 
is stored in the storage of a metering device 7. 

[0045] Below, the case where the speed of travel changes is explained. An experiment is between 3.0 
m/min - 5.0 m/min, when the board thickness sum total is 1.6mm, and when the board thickness sum 
total was 2.0mm, it was changed between 3.0 m/min - 5.0 m/min. In [ both of] board thickness, the 
frequency band with which signal strength becomes large became small as the speed of travel became 
quick. The result of this experiment is shown in drawing 14 . 

[0046] As shown in drawing 14 , by 1 .6mm, the signal strength of a 0 to 1000Hz frequency band 
becomes [ the board thickness sum total / the speed of travel ] high by 3.5 m/min, the signal strength of a 
0 to 800Hz frequency band becomes [ the speed of travel ] high by 4.0 m/min, by 2.0mm, the signal 
strength of a 0 to 700Hz frequency band becomes [ the speed of travel ] high by 4.5 m/min, and the 
signal strength of a 0 to 600Hz frequency band becomes [ the speed of travel ] high by 5.0 m/min. 
[0047] Moreover, by 2.0mm, the signal strength of a 0 to 800Hz frequency band becomes [ the board 
thickness sum total / the speed of travel ] high by 3.0 m/min, the signal strength of a 0 to 700Hz 
frequency band becomes [ the speed of travel ] high by 3.5m, and the signal strength of a 0 to 600Hz 
frequency band becomes [ the speed of travel ] high by 4.0 m/min. 
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[0048] Therefore, decision of generating of porosity decides which frequency band performs by min 
[ what m / ] the speed of travel is. In addition, the relation of the board thickness sum total and a 
frequency as shown in drawing 13 , and the relation of the board thickness sum total, the speed of travel, 
and a frequency as shown in drawing 14 are stored in the storage of a metering device 7 as a table as 
shown in drawing 15 . This drawing shows that the effective frequency is memorized at the place which 
are the conditions in which the speed of travel exists, in order to judge generating of porosity, for 
example, the board thickness tl of a superior lamella — as the speed of travel showed [ the board 
thickness t2 of an inferior lamella ] drawing 14 by 0.8mm by 1.2mm in 3.5 m/min, the 0 to 800Hz 
frequency band of 3.5 m/min is used [ sum total board thickness ] for the speed of travel by 2.0mm. 
Moreover, as the speed of travel showed [ the board thickness tl of a superior lamella, and the board 
thickness t2 of an inferior lamella ] drawing 14 by 0.8mm in 5.0 m/min, the 0 to 600Hz frequency band 
of 5.0 m/min is used [ sum total board thickness ] for the speed of travel by 1 .6mm. 
[0049] As mentioned above, it is also possible that that an effective frequency changes based on change 
with board thickness and the speed of travel in order to judge generating of porosity originates in a 
difference of the configuration of a keyhole produced in a weld zone when welding is performed. 
[0050] Although the part which an ingredient fuses, i.e., a keyhole, will arise if an YAG laser beam of 
light hits as shown in drawing 16 , the configuration of this keyhole changes with board thickness or the 
speed of travel. For example, depth H of a keyhole will become large and the configuration of a keyhole 
will turn into a long and slender configuration, if board thickness becomes thick. Therefore, aspect ratio 
H/D computed from depth H of a keyhole and the width of face D of the keyhole concerned becomes 
large. Moreover, the width of face D of a keyhole will become small, and the configuration of a keyhole 
will turn into a long and slender configuration also in this case, if the speed of travel becomes quick. 
Therefore, aspect ratio H/D computed from depth H of a keyhole and the width of face D of the keyhole 
concerned becomes large. 

[0051] That an effective frequency becomes low in order to judge generating of porosity also when 
board thickness becomes thick and the speed of travel becomes quick, as shown in drawing 13 and 
drawing 14 As mentioned above, since aspect ratio H/D becomes large also when board thickness 
becomes thick, and the speed of travel becomes quick It is thought that it is because the frequency band 
with which the configuration of a keyhole becomes long and slender, and the resonance frequency of a 
keyhole falls, consequently signal strength becomes large falls. 

[0052] Therefore, you may ask for the effective frequency forjudging generating of porosity by 
recognizing the configuration of a keyhole using a CCD camera and calculating aspect ratio H/D. 
(Gestalt 2 of operation) Below, the gestalt of the 2nd operation is explained. In the gestalt of the 1st 
operation, although only generating of porosity was judged, with the gestalt of this operation, a 
judgment of generating of welding conditions, such as under-filling and non-joining, is also further 
made on accuracy. 

[0053] In addition, also with the gestalt of this operation, since the configuration of the quality 
monitoring apparatus of the laser-welding section is completely the same as that of what was shown in 
drawin g 4 from drawing 1 , explanation of those configurations is omitted. In the gestalt of this 
operation, personal computer 7E shown in drawing 4 In addition, the function as a storage means, The 
signal strength in the 1st frequency band for detecting generating of under-filling, The function as a 
signal strength calculation means to compute the signal strength in the 3rd frequency band for detecting 
generating of the signal strength in the 2nd frequency band for detecting generating of porosity, and 
non-joining, It has the function as a welding quality decision means to judge generating of the welding 
condition of under-filling, porosity, and non-joining, and the function as a division means to divide 
aging of an electrical signal to one welding part memorized into time series to two or more fields. 
[0054] The processing for detecting the welding condition of under-filling, porosity, and non-joining by 
the monitoring apparatus concerning this invention is explained referring to drawing 25 from the flow 
chart and drawing 19 of drawing 18 . The data point shown in drawing 2 1 from drawing 19 is obtained 
as a result of being measured based on the following welding condition (basic welding condition). The 
outputs of an YAG laser are 3Kw(s) at a processing point. The thickness of a galvanized steel sheet used 
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the 0.8mm thing, respectively. The speed of travel is 4.5 m/min. 

[0055] It enables it to also detect the welding condition of non-joining with the gestalt of this operation. 
Non-joining is imperfect welding from which desired welding reinforcement is not obtained. As shown 
in drawing 17 , when welding the steel plate of two sheets in piles, in the matching section 20 of an up- 
and-down steel plate, it produces the welding condition of non-joining that the clearance 40 between the 
plate is too large owing to. It is because melting of the weld zone will not fully be carried out, without 
heat fully turning even around a lower steel plate if a clearance 40 is too large. 
[0056] The flow chart of drawing 18 shows the procedure of the monitoring approach concerning this 
invention. If an YAG laser beam of light is irradiated by the matching section 20 of a galvanized steel 
sheet as shown in drawing 6 , the irradiated part will fuse in response to the energy of a laser beam. 
Since the fused metal is very an elevated temperature, from a keyhole 25 and a plume 28, the light, 
infrared light, the reflected light of an YAG laser beam of light, etc. are emitted to a radial. Sensor 6a 
and sensor 6b carry out incidence of such light, and change them into an electrical signal. The changed 
electrical signal is stored in the storage which personal computer 7E (refer to drawing 4 ) does not 
illustrate for every welding part (S21). 

[0057] Drawing 19 and drawing 20 are the wave form charts (changed with the photodiode 9) of the 
electrical signal acquired from the reflected light of an YAG laser beam of light when welding is 
performed under a basic welding condition. The wave form chart of these electrical signals is created 
with the sampling frequency of 20kHz. In these wave form charts, an axis of ordinate expresses signal 
strength (electrical-potential-difference value), and the axis of abscissa expresses time amount. These 
wave form charts show the time fluctuation situation (aging) of the reflected light in a certain welding 
part caught by sensor 6a which has an observation include angle in a high location. The wave of the 
"excellent article" with which normal welding was performed in drawing 19 , and the "non-joining 
article" it has been unrefined to imperfect welding is shown, and the wave of the "under-filling article" 
which under-filling produced, and a "porosity article" with excessive generating of porosity is shown in 
drawing 20 . Since only the wave configurations of an under-filling article differ clearly as for other 
wave configurations when these wave form charts are contrasted, decision of that it is an under-filling 
article is easy. However, a clear difference is not seen even if it compares the wave configuration of a 
non-joining article and a porosity article with the wave configuration of an excellent article. For this 
reason, it is difficult to discern these welding conditions from this wave form chart. 
[0058] Thus, differentiation with an excellent article, a non-joining article and an excellent article, and a 
porosity article is difficult only by investigating the time on-the-strength change condition of the 
reflected light. For this reason, among the waves stored in storage, an observation include angle takes 
out the wave which shows the time fluctuation situation of the reflected light of one welding part caught 
by sensor 6a in a high location, and performs an FFT (fast Fourier transform) signal strength operation 
to this wave (S22). 

[0059] Drawing 21 is the wave form chart which performed the FFT signal strength operation to wave- 
like each which was shown in drawing 19 and drawing 20 , and was obtained as a result. In this wave 
form chart, an axis of ordinate expresses signal strength and the axis of abscissa expresses the frequency. 
Signal strength is an amount (area) which shows how many signal components of each frequency are 
contained, and this signal strength does not have a unit. 

[0060] If this drawing is seen and an FFT signal strength operation will be performed so that clearly, a 
difference will arise in distribution of signal strength about each of an "excellent article", a "non-joining 
article", an "under-filling article", and a "porosity article." By the quality monitoring approach of this 
invention, this difference is differentiated as follows. 

[0061] A 0-1000Hz frequency band is set as the 1st frequency band for detecting generating of under- 
filling among the waves of drawing 2 1 obtained as a result of performing an FFT (fast Fourier 
transform) signal strength operation, and a 0-1000Hz frequency band is similarly set as the 2nd 
frequency band for detecting generating of porosity. It is set as such a frequency band because 
generating of under-filling or porosity detected clearly with this frequency band according to the result 
of an experiment. Here, as the gestalt of the 1st operation also described, it is necessary to change a 
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frequency band effective ['although the 1st and 2nd frequency bands are used as the same frequency 
band ] in order to detect generating of porosity according to board thickness or the speed of travel. 
Therefore, the 2nd frequency band for detecting generating of porosity depending on board thickness or 
the speed of travel changes like 0-600Hz. 

[0062] And a 3000 to 6000Hz frequency band is succeedingly set as the 3rd frequency band for 
detecting generating of non-joining. It is because it is in the inclination for the signal strength of this 
frequency band to become high as compared with signal strength when under-filling or porosity occurs 
when non-joining occurs so that it may understand, if drawing 21 is seen. Moreover, this frequency band 
was set up because generating of non-joining detected clearly with this frequency band according to the 
result of an experiment. 

[0063] It asks for the signal strength of these frequency bands, and plots virtually to biaxial system of 
coordinates like drawing 22 prepared virtually. They are the system of coordinates these biaxial system 
of coordinates indicate signal strength [ in / in an axis of abscissa / a 0Hz - 1000Hz frequency band (the 
1 st frequency band and 2nd frequency band) ] to be, and an axis of ordinate indicates the magnitude of 
the signal strength in 3000HZ-6000Hz (the 3rd frequency band) to be, respectively. 
[0064] For example, although a wave as shown in drawing 21 is acquired, in the case of an under-filling 
article, it asks for the area obtained from the wave of a 0Hz - 1 000Hz frequency band, and the area 
obtained from the wave of a 3000HZ-6000Hz frequency band from this wave, and it plots each area on 
an axis of abscissa and an axis of ordinate. This plot shows that an under-filling article (** mark) is in 
the inclination to be distributed in the field where the signal strength of the axis of abscissa of biaxial 
system of coordinates and an axis of ordinate is small, as shown in d rawing 22 . similarly in the case of a 
porosity article (** mark), the signal strength of the axis of ordinate of biaxial system of coordinates is 
in the inclination to be distributed over the small field where the signal strength of an axis of abscissa is 
large — moreover, in the case of a non-joining article (o mark), it turns out that the signal strength of 
the axis of ordinate of biaxial system of coordinates is in the inclination to roughly be distributed over 
the field of the whole axis of abscissa. Furthermore, in the case of an excellent article (O mark), it turns 
out that the signal strength of the axis of ordinate of biaxial system of coordinates is in the inclination to 
be distributed over the field whose signal strength of an axis of abscissa is medium extent small. 
[0065] It turned out that it is divided as each distribution field shows drawing 23 as a result of 
investigating about much weldments how an under-filling article, a porosity article, a non-joining 
article, and an excellent article are distributed over the above-mentioned biaxial system of coordinates. 
Moreover, when the phenomenon of under-filling, porosity, and non-joining is put together selectively 
and it generates in one welding part, it is possible to be distributed near the boundary of each field. For 
this reason, by this invention, distinction of the class of welding condition specified the difficult mixture 
field like drawing 24 . Therefore, an under-filling field, an excellent article field, a porosity field, a non- 
joining field, and a mixture field exist in imagination biaxial system of coordinates. In addition, by what 
width of face a mixture field is taken determines according to the result of an experiment or employment 
of this technique. 

[0066] In addition, although these imagination biaxial system of coordinates are made from personal 
computer 7E shown in drawin g 4 , these fields are not necessarily actually made as a two-dimensional 
flat surface. Moreover, although that result of an operation is virtually plotted by these biaxial system of 
coordinates based on the result of an operation of each above-mentioned signal strength, that plot is not 
actually performed on that two-dimensional flat surface. The numerical range of the signal strength 
which forms each field in personal computer 7E is memorized, and personal computer 7E can judge 
immediately which welding condition occurred by whether the result of an operation belongs to the 
numerical range of which field, and whether it is an excellent article again. 

[0067] It returns to the flow chart of drawing 18 , and the signal strength of 0-1000Hz and 3000Hz - 
6000Hz is computed to the wave which is acquired during welding and which was shown in drawing 21 
(S23). The coordinate in the biaxial system of coordinates specified with the signal strength of 0- 
1000Hz and the signal strength of 3000Hz - 6000Hz which were computed judges which field shown in 
drawing 24 it is (S24). 
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[0068] And if the coordinate belongs to the excellent article field set up beforehand (S24: YES), welding 
of the welding part will be judged to be what was performed normally (excellent article) (S25). On the 
other hand, if the coordinate does not belong to the excellent article field set up beforehand (S24:NO), it 
judges whether the coordinate belongs to one field of the under-filling field set up beforehand, a porosity 
field, and a non-joining field (S26). 

[0069] If the coordinate belongs to one field of an under-filling field, a porosity field, and a non-joining 
field (S26:YES), it will be judged that the welding condition of the field which belongs has arisen and 
there is a problem in the quality of welding of the welding part (S27). In addition, although not shown in 
a flow chart, it is displayed on display 7F that it was an excellent article and that it could creep and there 
was generating of that welding condition. By the above processing, the decision over the one whole 
welding part is completed. 

[0070] On the other hand, if it belongs to the mixture field of drawing 24 if the coordinate does not 
belong to one field of an under-filling field, a porosity field, and a non-joining field, either namely, 
(S26:NO), as shown in drawing 25 , the welding part will be divided into two or more fields, and the 
right or wrong of a welding condition will be again judged to each field. 

[0071] A judgment of the right or wrong of a welding condition for the second time is made in the 
following procedures. 

[0072] As mentioned above, although the storage of personal computer 7E memorizes, aging of the 
electrical signal outputted from sensor 6a to one welding part divides aging of this electrical signal 
memorized into time series to two or more fields, when judging the right or wrong of a welding 
condition for the second time. For example, as the weld length of a certain welding part shows drawing 
25 , when it is 30mm, the welding part is divided into five every 6mm, for example, and it judges 
whether they are that what kind of welding condition has occurred about each field of each which was 
divided, or an excellent article in the above-mentioned procedure and every one completely same 
procedure. 

[0073] When division of this field is applied about the electrical signal memorized, since the speed of 
travel is 4.5 m/min with the gestalt of this operation, although a 30mm welding part is welded, it will 
require 0.4 sec. Therefore, the electrical signal of this welding part memorized by storage is an electrical 
signal for 0.4sec. For dividing this into five as mentioned above, 0.08 sees of this electrical signal are 
divided into each time series. By this division, the electrical signal of five time zones, the 1st time zone 
of 0-0.08sec, the 2nd time zone of 0.08sec-0.16sec, the 3rd time zone of 0.16sec-0.24sec, the 4th time 
zone of 0.24sec-0.32sec, and the 5th time zone of 0.32sec-0.04sec, is acquired about that welding part. 
In addition, although it is desirable to perform division in an about 1 to about 8mm unit, it is also 
required to change flexibly according to the configuration of a welding part or the decision precision of 
welding quality desired. 

[0074] It takes out one [ at a time ] the electrical signal of these time zones from storage, and an FFT 
(fast Fourier transform) signal strength operation is performed to the wave of these five electrical signals 
(S28). And the signal strength of 0-1000Hz and 3000Hz - 6000Hz is computed to each wave (S29). It 
judges in which field of each in the biaxial system of coordinates shown in drawing 24 the signal 
strength of 0-1000Hz and the signal strength of 3000Hz - 6000Hz which were computed, respectively 
exist (S30). Non-joining has arisen in the field ( drawing 25 left end field) which is equivalent to the 1st 
time zone with the processing so far as shown in drawing 25 , non-joining has arisen also in the field 
(field of the right-hand) equivalent to the 2nd time zone, and it is judged from the 3rd remaining time 
zones that the 5th time zone (field to the remaining right ends) is an excellent article. 
[0075] Next, the excellent article rate to the welding part is computed (S31). Since one of welding 
conditions had arisen to two fields in the field divided into five in the above-mentioned case, an 
excellent article rate becomes 60%. 

[0076] If the number of the fields judged to be an excellent article is over the need excellent article rate 
(for example, 70%) beforehand set up to the number of the divided fields (S3 2: YES), it will be judged 
that the welding part will be an excellent article if it sees as a whole (S33). Using such technique counts 
upon generating of welding conditions, such as under-filling, porosity, and non-joining, for example in a 
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certain welding part. If it excels rather than the weld length as which the die length of the computed 
excellent article part is required on a design when having set up for a long time than the weld length of 
which the weld length is required on a design, even if it judges the welding part to be an excellent article 
synthetically, it will be because a welding quality top is satisfactory. 

[0077] If the number of the fields judged to be an excellent article on the other hand is not over the need 
excellent article rate (for example, 70%) beforehand set up to the number of the divided fields 
(S32:NO), as for the welding part, welding conditions, such as under-filling, porosity, and non-joining, 
exist, and it is judged that the welding part is seen synthetically and a problem is in welding quality 
(S34). In addition, although not shown in a flow chart, it sees synthetically and it is displayed on display 
7F that it was an excellent article or that it saw synthetically and the problem was in welding quality, 
[0078] Thus, if a re-judgment over the welding part is made when it is decision that a problem has the 
decision over a certain whole welding part in welding quality, decision precision can be raised as 
compared with the appraisal method of only the whole welding part. 

[0079] The above processing is performed to welding and coincidence on real time. Moreover, even if 
the above-mentioned division judgment is made, the decision will be ended by the time welding of the 
next welding part is performed. And if it is judged that a problem has the welding part in welding 
quality eventually, paint will be sprayed on the welding part. Although dozens of welding parts may 
exist in one work piece, the final inspection in an after process becomes easy by spraying paint in this 
way. By the final inspection, it is judged by human being's eyes once again whether a problem has truly 
the part which was able to spray paint in welding quality. When this final inspection is also judged that a 
problem is in welding quality, that work piece is conveyed by the backup process and a remedy activity 
is done. 

[0080] In addition, the above processing described the case where board thickness or the speed of travel 
was fixed. As the gestalt of the 1st operation also described, the optimal frequency for decision of 
generating of porosity exists naturally by board thickness, the speed of travel, or the aspect ratio. 
Therefore, the frequency (the gestalt of this operation the 2nd frequency band) is changed by board 
thickness, the speed of travel, or the aspect ratio with the gestalt of this operation as well as the case of 
the gestalt of the 1st operation. In addition, since the gestalt of the 1st operation explained to the detail 
what kind of frequency it would be made by change of making it what kind of frequency by change of 
board thickness, or the speed of travel, explanation here is omitted. 

[0081] In order to detect generating of each kind of welding condition, it becomes unnecessary as 
mentioned above, according to the gestalt of this operation, to carry out complicated data processing 
different, respectively like before, since generating of welding conditions, such as porosity, under- 
filling, and non-joining, can completely be judged by the same data processing. Therefore, the 
processing burden of CPU to the computation becomes quite small. 

[0082] moreover, by the technique of division decision, it can judge easily, and the decision precision of 
the class of generated welding condition also boils markedly one which has been generated into a part of 
part which welded of welding conditions, and improves. 



[Translation done.] 
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[ 0 0 3 0 ] £ £0 7 tc^-f J: -5 tc , » 7 *MttH 
±J^£tf»2 0(C*$VvC*%X,fci»ttl/C$:<, ^ 

2 5X'mmua±m^mM3 oicacnatrtrftfc. 
[0031] oyjc. ^HBt^st-^ 'J y/na 

f"V-hfcJ:Wa9a»4>iai 2**HL$ra t fcBl'U«- 
l>. H9*^H1 2(c^:$ixTV^^>5rfc'^T : -^ 

t&OmhtVfc t OT'$>l> . YAGW- !f-^aj*«JD 
l4t3KwfJ)l.. ffiifi* -y*«I«tf5Ji»tt**l«l 
0. 8mmOt<0£JII^fc. »JJBMBi4. 5ra/mi 

[00 32] 08<D7O-^- Mi, *ftQI(C*0>6 

u*: «k 3 k . y a g v-y-mtfmb* v *mmcr>% 
antmoizmtztiht. mHstazmffis— f- 
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8*>£>te. TOt. YAGU-*-3Bg£>RW 
ftft if 3WR»*fc»{iJ ZtiZ. -fe 6 a t -fe y-t 6 b 

vffiWttfcKM3*i£ (SI). 
[ 0 0 3 3 ] H9ti, a^ig^cOTTvS^ff^h. 

Wr?) ( 7 * *- K 9 rSSHSfifc ) ttffiVr 

as. i^csm^WBHtt, iry7 , yy^«i8R2 

YHti. fflgmmr&^&mzbh-twe ate 
z-ixtht htitzKM^mm^mm^ix^ 

Z>. YUi. ffl&fig.tf&^&mzfo&tyirebizi. 

^xbbibtifzm%vmm$mm&*ix^ 

isT 4 -<K%£.tfi&±X'foh r^Di/TM-flu , TV 

y-y 4/wMc.tt: *ryy-7 ov&i commas 
bMzwmMWfimtc&vyx-. 7>y-? 4)vghx 
w^tti, ^.ffi^^ t cDimtivx-ii. . m.mmmz 
mmmmx-hh. 

1 0 0 3 4 ] II 1 0 Ut . ^g^frOTT^^tf*) 
itfcfc^^, Jf-*-^2 5iiJ:tX7^-A2 8^« 

ztitz) wmx'bh. z<7>&B®i>. -tyrvyrm 
ttz. YWi, wmwm^&mzk s y-t 6 
^^xbhthixtz^wtm^mm^.m^Lx 
yy-y 4 /i>tf&.tt: *7vy-7 4>i&\ nmBtf* 

ZtlX^Z. 7>f-7 4fr&<D®'&. &ShC0®&tli 

*jit>iMz*<?>mmm%&<7>x; ryy-y 4 >u&xb 
hzb<mm±-&%xbh> ^yf^-w 

•nmmmx-bh. 

[00353 Z<DZ.o\,Z. ^>t6a, 6btCj;oT 

titurvit&at xf -f -a t ^lawbtirarr* 



( S 2 ) . 

[00 3 6] HI Hi, 09fc>i*U:YHtf>»#fcFF 

ft«WiH!t*>»*liHh& t * *itv ***** 

tJUiOTte** J: 3 (c, F FTfi^««»*IW 

fficiaajwtt*. oio. jmuii oohz*>£>5o 

0 H z ttjfi(cffl»fi-f!M6<0bf-^»»*«fiPi£LTV^ 
**, tf-n S/f -f - JM4 OHzKlOOOHz ft ififcffl 

[0037] FFT («a7- UX3») @9%ftft* 
fcHLfcttJftft&tafcBI 1 1 nW&Vfii. 6 0 5 H z*> 

f.650 h zcoia^ft^fcffio^iHi^waj l ( s 

3 ) . *oam*#, Soffit LTIS^Sntv^ 1 7 
0. 0 QOZmttltf (S4 : Ye s ) , ijrtiyf^- 
<OJ6±jWt*T*6fc1HIKt (S5) , JHiTWfirftti 
(f(S4:No),#Dyf^ -<0ftttiIE»«l!l*JT 
hlkWrtl (S6) . 7a-ft-M:(i^ 

x;TM7F(cJiji&ti&. 

[0038] o^t, fft (ffia7-uxss») m-f- 

5M^*fcttLfc*i*fl&fifcia 1 1 <r>ffl&rtm%fr 
4>. ■7A5yt*XBBB*»aj-f4 (S7) . ;«7^5 

1 2fc«tfi3atfWiH*fl*r&. fckitf, 01 2 

E) £\ «hh*<ffts^««. »<w»»«jj*$ftfc 

[0 0 3 9] ^aftffiHfcJTOfVC. 
#£»fi 1 0 0 0 fcSxiltf (S8:Yes), 

-7-f;W«fet-CO£t«rL (S9) , mtx\wt 

ftif (S8 : No) . 
( S 1 0 ) . 

[0040] vxtnmmcoBmvtt, ■< -<o» 

£fHKafr*vvC«KLfc*«. 01 2<o*^0*«Uf 
2WTT', irWHU&l 7 0 0 0 OObofWfc* 

i|5]«HC, FFT (ftj$7-';x^) «^MUS«»* 
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[ 0 0 4 1 3 UJ:^»<0}BJBTtt. «flW*0 . 
8mmT\ &£&g#4 . 5m/m i nCDWt&kftX'm 

ti&'n-iKii&iz^XT&KKtf. wmowR*-? 

[0042] «f8fatK4fct4flW WS&fkti J: ot . do 

«(Cj:->T**>fc. V-tkVXmmtfO. 8mm. 

1. 0mm, 1. 2ram<0M^ 2ft 
«iWt«a^**C»»tffofc. ffimttit. 3. 
Om/mi n~5. Ora/mi nCOST^k^-tfc, Y 

[ 0 0 4 3 ] 41*. «ffjWSWkUfc«^*»«!Wft. H 
Wis »ffij»K«r3. 5m/mintlKL, 2ftO« 
J?£lt£l. 6 mm- 2. 4mmtf>|8TC3Wfr&-li:fc. fc 
fcitf. ffiJf^»*«2. 4mmc7)ii^. --Koi/r>f-* { 
«±"t4k, OHz^feSOOHz^HaRfl^Xi-fai 

k. fi-9»flE**«<*4S»aHlf*»**<*->fe. do 

[0044] 01 3fcSTJ:3lC. 1. 6 

mmtti OHzHlOOOHz 0^«SOfi^3$JS 
* t ®<=5:0, 1. 8mmf{iOHz*^80 0HzcOjg 
««Ofl^£#i«<&D. 2. OmmTtiOHz^ 
^7OOH2^)ffl«« ! »<Oil^5l*3We< i Sr0. 2. 4 
mmTte 0HzM50OHz CO^JEBt^iOli^SfeS** 

H-hJIRkft^omilUi. l«BStt7<oiB«6BKiEtt* 

[0045] ortc, JSSSMW^kLJt^SrKB^ 
mmt. mm-SstWl . 6mm<0t&l:3. 0 m/ 
m i n~5 . Om/m i n<7)HT\ 4?t, «W-&lt* J 

2. 0mm<7)i!r£-(C3 . 0m/min~5. Om/mi 



» 
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[0 04 61 014{;:jjrf idle, tUtefftfl. 6m 
m-Ctt, 3 . 5 m/m int'OHzKlO 

0 o h zoa«a»»«e^«us* t «< =5: o . *»a«a< 

4. Om/mi n-C0Hza>&8 0 0Hz^WjjaW*tf> 
ff#^S* { iS< & 0 , . 5 m/m i n ? 

2. OmmT*ttOHzfr&7 0 0Hz<aJB88H^fM- 
»«3W« < & 0 . »8Stft«< 5 . 0 m/m intOHz 

[004 7] «Stefb&<2. Omratli. SSBt 
£#3. Om/mi n?0HzjK>800Hz<3ffl»a 

m%tf4. 0ra/mint0HzH600Hz?)M 
[0048] LKiifiiX. ^oyf -f -«»4oWBf 

*r «k o^T-y^t ixmitmioszmiiWizim 

tf. i««Wt IrtU . 2mmt, TfiWtWt 2# 
0. 8mmT, 3 . 5m/mi nT'ti. 01 

4lC*U:J:dfc, ^ftW2. OmmTi§&jSS* { 

3. 5m/minc7), 0HzK800Hz«» 
**fflv^/i*. iS^jgft 1 fcT«cO«yit 2 
#0. 8mmT\ »«8Sa*«5. Om/mi nT"(J, II 

1 4 iZTjkltzi. o \Z S Gmmifil ■ 6 mmT*im&%. 
ir5. Om/minfX 0HzH600Hz«S« 

[0049] tLh««t dtc, Igffijf Jf SSfcOS-ftJ:: 
[0050] 111 6 fc^t Y AGU— if— 3t8! 

*-*-;KDi|gD fcA^Siai SiiSTX^? bitH/D 



i:SK^-*-/W0(HDi:*»4>JiajS<iftr^^ hit 
H/Dti*£<££. 

[005 1 ] HI 3*J«tt/l3l4^LfcJ:d(:. «JI 

x*-*-i\s<?>mmmmB;Ti. 

m?±% < %zfimmmrF-t-&<>)tfmmx'it%^fr 

[00 52] ItztfiX. CCDXJyZm^X*- * 
(IHt«MBffl2) ore »2<OHtt^)»JBft:o^t» 

*«WKttfotvvt#, znmmmmx-te. 

mii>]Emzlrfii,(0X'bh. 
[ 0 0 5 3 ] cosatofcffl-ct) . i"-ir-s* 
»<ojwt*^^ y yrmmnrnmi. m 1 *^H4 

U:i<9i:£o*:<|S|--C*!.<DT\ -efx^ffiMfc 
W1W«. i<osafco»»fctjv^tt, 04 

yy-y 4 iwm&wtthitwm 1 o^«aa«^ 

£^&thtzfrcommmiffii.zm&mm.b 
mmtim^mmtamttxcommt . ryy- 
y <>u. xo-stj-. mmcommmcom.im 
tmtitihnmmtLxmmt. Emztix^* 
i ^com^imnzm-imsMi^eom^^i^jmiz 
m.nmmizftmi'&ftmmk tx <mm* * t * 

[0054] 1-^ y >y&wxTvy 

^OMaSr, 01 8<07n-f-\—hfcJ:tfl!l 9*> 
^02 5t#SHL^^KB^f6. 019*^02 1^ 

ft) {=S^^TSI«$n3t*SIM»4>*lfct><OTft4. Y 
AGl^— !f-oaj^{ijDX^T3 Kwt'J>S. Sl'^ 7 
^^fC^Ji-eix-e'ixO. 8mm«0t<7)S:fflV^. i§ 
«5$JS«i4. 5m/mintM. 
[0055] 5RtttO»ffl-C«, *?§*<7)^t$«®t>^ 

m\i. 01 7KiR*J:3te, 2«c^«HR*fiiaT»» 
0oPfS4 0«^^;t«4t5. Ptra4 
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[0 0 5 6] HI 8«7D-f^-Mi, *»BHfc*>J&» 

* US «k 5 fc . Y A G l/-f-««^ -y * lfl«<9 
Stetf»2 0fciHtt3*i*i:. 8Mf3*ifc*#* , l'-"ir 

2 8*»6»i. TOB*, YAGU— «fHBIl«R 
Sttfcfr 4fjWMt*WttB8*l * . * y-tf- 6 a fc -k y-fr 6 

«fftfc«R«fl«, MSfflDJfrk^VayTE (114 

m) m*i%^m^mizmtii$ti& ( S2 1 > . 

[0057301 9iUt>*02 0(2. S#?gfg&fr<9T 
TflMfeW fc # <0 . Y A G I/— f -*«^R«3t 
fc*lfc*$UI*|-*> ( 7 * b ^4 K 9 -ex 81S 

vr 'j yrmm. 2 0 KH z -efttfcSfifc t COX'h h . 
ztihnmmza^x. wmt&miuK. («ee«) * 

«ft t ft £ -b V -9-6 a (C «k o X b t> I htl 
r *?f*fpj *>*»a*ji?3*u 02O(c(2. 7>/-7 

Wj:h<r>x-7>y-7 1 WaX'b&z: b <?>mmm%X' 

*S. L*>U J: l/Xa i/T4 -fhn&MB 

[00 58] Cl«0«t 3 fc, RS*3t<Ol«aftW^U©5fl5K 
®S-iS^^*{tT{i, &Shb mm&isXX/^&b *o 

xx^-tatonwwisii-c'fti.. ens 
ffizt&ttttimoo-h* wtmnmrn^mtzbh*. 

y-f6 al,Z&-oX b hthiXtz 1 OO»!WIBIf«0R»jt 

FFT <«3t7-yxS3») fl»M«8t*S:JW- ( S2 
2) . 

[0 0 5 9] 02 1(2. 01 9fcil/02OtC^:U^ 

tttitzmmx'bh. z^mmmiza^x , nEtMifflft 

[0060] C<O0*S*Uf Bfl^*^«t 3 fc, FFTfi 



y-yoVShi , r^ni/f-f-iftj tfD-e-ix-etKco^ 

Tfi;#5ftS^^{=ffljS^t.a. 

'J y^ffit-ti. .r^av J: 3 LTiHHfc* 

[0061] fft (sa7-yxsai) fi^se^ 

£itLfc8S»fc;fcfcH2ie>»?B£>rt, 0~1000 
O»l<0ffl»aSflK=|ftSL, ifc, R«fc, 0-100 

o h zvmmffisxvi'Tj -<?m9E.*wm-htzv> 

fct&coit, mmmzxtm. z<r>mmmx'7y 
y-y < /utizitxo : st ^ -nm-mmizmbx-z 

aji-ifcftic^swrffliawwi, micommmmxi* 

dfD i/r < -<r>miZ tktUt h tzifxom 2 nmmffi 

*\ ttbtli. 0-^600Hzcr>£llZ$cit^h. 
[0062] ZLX, 3000Hz*^60 

o o h zff)mmm^m^<m^mmt ht&nw, 
3<nmm$t\zm£t&. 02 1 tsituabfrhi o 

*<7M*m&bimLx. m<%&mizt>&frt>x'b 
i. it:. zmmtt*mLLtz<r>h, mmmz 
xtiii. z commx'mm<7)%£.tfwmzmiiiX'Z 
tzfrhx-bh. 

[0063] zixb<nm®&<nm*mm*»>. 02 
20 j: $%mMizmm>ixi 2mmmmzmmizT 

D7ht*. C^)2ttaEiUWi. OHz-10 

ooHznmmm (%icDmmm&bm2cD®mm 

®) CiUtSft^atTitL. MM«<> 3000HZ- 
600 0Hz (^3^«^) {CtJ(tSfi^3SSOT< 

[00 64] fctitf. ryr-7^wwwHii,H 

T , OHz-lOOOHz co®mm%cr>Wl&frt>$bil 
&mmb 3 0 0 0 HZ~6 0 0 0 H zOffljeRtta&S 

ctp(C, 7>y-74/l>fi, (AEP) tt. 2«iffiS^flt 

smw<** ^mmz^i-^mmzbiz b#. ttc. 

(OEP) 2W^g^J8fttcT)fi^ 
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[0 0 6 5) Tvy-v^iv^ ^d^tm-^, m 

oa*. mmmshiz^xm&uz&%. *n?ti 

tz. &tz. l^commmm-mmzryy-y < >k 

mizit. ztiztKDMmnmmmizttmhztff 
ntt>ixh. *»pi'eii. 024^ 3 
mmmmmmcomw\mm^\mmm^m^. ttz . l 
imtfi* 2mmmmzte. ryy-yoi®. 

®mmh. immm^t-^nmco^xt^ 
Mt. mmtfdtzco^mcommmmzfstxm 

[0066] ^rfc. z.<»mmtsi2mm3k\$, muz 

mltzJtVayiEX'fthtlhtf. Ztlt>cr>m®tf2tt. 

7t^mtLx$mizfthtihmx'\&^\ ttz. ±m 
<vm?f®.%.cr>®im%\zm^x , .io2?m&{c 

hm<7)2tt7t¥m±izmmzfthtLi ^x-a^w 

/-cv 3 y 7 E Kli4Hra£^j^6fiq^o&WBIl 
[0 0 673 01 8(7)7 a-f-v-McgoT, iSfc* 

t*#4>ii*. 02 ltsufeaastwu-c. o~i oo 

0 H z fcitf 3 0 0 0 H z~6 0 0 0 H z<7)f|^$£g£ 
(S23) . KasSiifc0~l 0 0 0Hz<9fI 
^3Sl&fc 3 0 0 0 H z~6 0 0 0 Hz<?)lE*m&k izX 

^xmizzixh2W®.®Jkft<?>imti i , m2A\z^Liz 
z<nfmh**m?h ( s 2 4 ) . 

[0 0683 ^IIU<ft^M)lttlM 
JMWBKHLTV^ar ( S 2 4 : YE S ) . f 0&£fl 
BfoiS«lliE«tff*>nfcto (&&) feWBrfft (s 
2 5) . f<^)a«***^*»tftBW&UfcAiHifRW 
fcKLTVVfirWltf (S24 : NO) . *0)Mmtft>t> 

Wrf I ( s 2 6 ) . 

[00 693 *ff>mBt,tfTyy-7 4 )Vfm. W^f 
(S26:YESKJBLT V^WH^jnHjOU^I: 

t *$ o . *<vmm<7)m<?)&Miztewimm& m 

mth (S27) . 7n-f-^-NWiSLTV^ 

<r>$t£.tfb^tzz tit, T4xy\s4 1 Fizm^Zti 
h . W±<0Kffl(c J: ~>X , 1 o«jWWBJNMW=#M-* 



[00703 tnmWTy?-? 4 )l<ffi®. Ttf 

■cv^imtr. 024<o»is««{=«utv> 

tlH (S26 : NO) . H25{C*tJ:o{C. *<0»» 

[007 1 3 ff«<0»««IB^N0WBrli. &<9J: 3 
ZZMXfthtLl. 

[007 21 fraoi^lc. lo«0»iBfflBffc#l/C-fc 
y^6a*»4,ffl*S*lfc«JMt^OlilMWWi. A73 

v 7 e wiMssifciBttSivc s*o»jg«fl8 

#«0igi^-ftS-B#^J{=«a<OiiiS(^l'3f 6. tzt t 

u.i>& ®%m<?>M%%z m 2 5 iz^tx 0 iz 3 0 
mmxhht^izit. ^(ommmmitzbmemmi' 

fiAf* h (Ofri , ±1 t * o fc < H-W^M-C 
lo-foipjfflf-tl.. 

[00731 i^)ffl«<04HW*. E«S*lT v^6«WS 
^•Co^-C ST<i*6S i: , Mg3SS*>'*IIISO^®T'(i 
4. 5m/mint3!)?.H. 3 Omm<7)$8H»9r£$ 
fttftWfctt, 0. 4secm;kt«rS. L^:* 5 

vJi, 0 . 4 s e c#<7)m§\fI-«§-T-J>S. ^n^±IE^) 
idfcS^IW-S^Ji. ^^mmfl^-SrO. 08 s e 

c-r-ttjhmzftmh. zmmiz**). tnmm 

mz-O^X. 0-0. OSsec^lTO. 0. 0 
8sec~0. 1 6 s e c(7)^2B|^. 0. 16se 
c-0. 24sec<0l3W, 0. 24sec~ 
0. 32s ec<rM4#fi$§. 0. 32sec~0. 0 
4 s e c<7)m5^^cr>5^cr,m^\^m^ii^mh 
tlh. 1 mmgJSA^8mmSSfiD#fi 

smewmmmzit; txmsmziz$zt izt %>mx 
[0074] ztihvmmwnsM&*RmMfrt> 

lo-foBXOtULT, Ztit>5^m^M^^BizF 
FT (3K87-UX3KM) «-f«iej»»*ttf ( S 2 
8) „ *ii-PiW)«0Bt»UT. 0-1000 

H z il/ 3 0 0 0 H z~6 0 0 0 H z0XSq&Bt.&X 
tH-ft (S29) . *tl?hM&Ztltz. 0-1000 
H z<7)f|-S§-§ft£i: 3000Hz~6000H zOft#§S 
JK*^ 02 4 Iz^Uz 2mmW:%ft<?)-Zii? tLCOb'com 

®izif&tz>frzmi-& < s 3 o ) . zztxvm 
izx*). tztm. 02 5^-tj:9{c, mimmz 
mt&m® (02 5X'tetci®com®) xumm**. 
txan. &2tij/m\ztt%-th®m (t^m<r>m 
®) x-h^mm^txti'o. mn<r>m3mmfrt>m 
5mm m*)<7>4s®ix'<7)®m tm 
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3*1*. 

[0075] *<mmmizm-i&8M&* 
wast* (S3 1 ) . m<r>®&. 5ttmuzm®<7)o 
■ton 2 ^<r>ffimz^iKfr<7)®mtm<£. tx^t^x- 
hhfrh. ^■afj-&{i6o%t^i». 

[oo76] &&x'bt> t mmttizm&mtf. m 

(tzbt\tlO%) ZMtX^itii (S32 : YE 

s> . *eomimii£#tix*titt&&x'i>&tw 
mi (S3 3) . zozittm&m^&nt. tzt 

himmmz&^x. rvr-y^k 
t<~, mmt'cDimttmnfttki&hAsX'. 

x^h tzm. &ftztiKBk&m<7)-M:2mm±m 

mz&&tnmLx ^,R,®±(i^s*^v^^-c- 

*>*. 

[0077] Jl^T*)* fc«Br3ftfc««tf>a 
DK ttP\ LKffi®mizKLXb hi)- t#>ig£ Lt^m 

&,f a f'J£ (£fc£fi'7 0%) ^ffix.tV^(tiX^ (S3 

2 : no , fcomtmmiryr-y < /k *oyf 

®-smzz.xim&mz$mtfbitmm?z> (S3 

&shX'fo otzzt. t wmsmzfrx fsma 
mzmmtfhitzztits r-fxrw 7Ft^s*i 

5. 

[0078] -Itf) J: 3 fc, *4J8«HiBf^flct*«-4fl 

mm^shmzmmmh b^mx-b^b * 

*, 

[0079] a±.<ymit. mmt mmiz u rn^ a a 
*71-*. m&mzzcDmmmmmm&mz 

Piffle ft * fc WBr § ft. * i: , * «o»SHU»t Ji^>f y h 

tttthti&zkiz&ix. &xmx'nm®&m%iz 
a*. ft»«aent. ^fyh£K&wt4>*ifcaMh& t 
*mzmmizf5mtf*>&i)^frtfi>o-&MgicoE 
xxmztii . i w«»t«ETt> ®®&mzffl®mz> 

b WBff $ iifc k # fcii , f«7- ? #a' -y ? 7 7 7Ig 
fc*i£SitT^ft*!W;bii4 . 
[ 0 0 8 0 ] frfe, BUb«WITti, «ff*Jt(i^S)S 



mm) sr^-fb^-tt*. *tj. w&mazx-ixzn 
x o tcmmz-rh^tK itzmmmm^iuzx -> 
x vox i %mmzth<?>Mi. . jr i ^mmmmx- 
mmizmwuzcDx\ zzx-^smim-tt. 

[0081 ] a fc, ^Itt^JBBfc iiitf, 

mi, £->ti<<R-mnmiz£',xwm-z>zb 
wx'%&<ox\ mw>£5iz* *ti*ti<omm<?>mmtf. 
mm^mtatht^z. *ix?hm%hm%m 

fc«t* c p utftfaajuuia** Ms < &* . 
[0082] #mmk»$*mzt'>x* mm 
zn^mn-umizm. tx^h\> ^ti^m 
mt®%\zm?$> z b tux-* . m.Lx\^hwm. 

[Hffl^fsmwfl] 

[Hi 3 *%mzfrfr&8&*-jr v yrmmmtt: 
y a g u—f-mmmm^m^mmx-b * . 
[H2 ] *»3nca>frftflir*-* 'J y^atfliifc 
y ag f-®tmm.<?)®&mx'b * . 
[03 3 *yyft®<?)mmffifSLZ*-rmx'bz>. 

[04 3 02lc*LfetHeai<OA*fl<«rttlSt5^rH 

[05 3 mmshmmmim^wimizmmx'bh. 

[06 3 »SWMlO«ia31BlOR^t«t*0T**. 
IH7] »«^OttffllR31^K^tflW-*H-C**. 
[08 3 1 nmiPMtttzirfrh*-* 0 v 

im)mimm£ft<nTxim$mhtitibz<7>. y 
a g f-jtu^Rw t>titzm\mcr>m 
mx-bh. 

[010 3 S*StS^#£0TT1§«*^i5it^k#<7). 

^ommx-bh. 

[01 1 3 0 9 IZtp LtlYHnmmz F F Tft^g^ 

[01 23 *y>^ii^-7A5yh'xsg«ta^^tfi5^ 
iut#fc0T*&*. 

[013 3 SW^ffl-k^o^-r-f -<0«4*WIBM-*fc 

[0143 £ff£itfc -■Ko^r -f -<n$&.z 
mti tzMzmzmw&bvmmzKtmx'b * . 
[01 53 mmm&<Dfflmmzmmti& t-7>m 
-mz*tmx'b&. 

[016 3 »Kf»fc4 t**-*-;Kor^^^ Mt^ 
[01 7 3 3NW^«^IW«BgtflW-*HT'**. 

[018 3 *jKH<o*2ostat»»jm=*>3&»**-^y 



« 



3 )) 0 2 - 3 2 1 0 7 3 (P2002-321073A) 



[019] a^«*fN0T-CJfflej6«ff *>ftfc t * CO, 
[ H 2 0 ] <OTTJfflfeW *>n*; tin, 

YAGu-v-mnmftfr^ne>titzw«.m<7)fc 

[02 1 ] HI 9fc02Ot^Lfc««fi#fc»LTF 

[12 2] ryy-7^hHK #D^-f-fl. 

[02 3 3 2«WSS»fcffljeSfiTV^. T>-^-7 4 
[02 4] 2Wffi«*fcfflSgS*lT^4. ?i«^H80!J4 

[025] ff*«»«««<o»^«Bfi- h^m^m 

1-YAGW— !>•-««». 
3 -alM-^-I/yX. 



[02] 




+-*->us* H 



7-tt*RJL 
7 A- -JillS^ 
7B. 7D-A/D38JIS, 

7E -A'yny. 

8, 9-7* W-f*-F. 
1 O-^^cM 7?5 5- 

1 1-T$»7 4;H\ 

2 l-Eft* «y*Jf» 

2 2-81. 

2 3-tfOv-f-f-. 
2 5-*-*-/k 
2 6-g. 

2 7-B»&flKBil, 

2 8-7VW-A, 

3 0. 4 0-IWII» 

i o o-YAGu— <r-mmm. 

[03] 

6a (6b) 




"(a 5))02-321073 (P2002-321073A) 




[013] 



1.5 r- 



1.0 









S6 


tnm 







S10 





a ft 



[09] 



5[xS0 ptB J 



• iS ST— 3 S3 

B*»[xS0 tfs] 




0.5 



»m3A:3iim/min. 



J I I 



I17] 



3J0 




Xfc6))02-321073 (P2002-32107 3A) 



[010] 



[014] 




t wa S3 m <n 




S Si SI 25 «/ 

BM![x$0 j/t] 



1.0 - 



4 



0.5 - 



teJKdtt :1.6 mm 




teJf^W:2.Dmm 



J I I I I I 



2J0 



3J 4.0 
»«a*(m/mm.) 



5.0 



[01 1] 




f99tttd5Ht] 

YH©H*««tt 




J8«*[x5Hz] 



[121 2] 




o &A 



1 10 100 



10000 



7) J02-321073 (P2002-321073A) 



[HI 5] 



[018] 









TtBTN-Ltt 


0.8 mm 


1.0 mm 


1.9 mm 


Tffife 


03 mm 


3.5m/mfrt 


3.5 m / min. 


3-5 m / mtn. 






4.0m/mfo. 










4.5m/«tiv 










5.0 m/mirt 








1.0 mm 


3.5m/mlrv 








Umm 


3.0m/o\lrv 










3.5m/»ih 




3-5 m / rrtn. 






4.0 m/mfrv 







[019] 



6.00V 



4.00V 



3.00V 



L I 



■ .I tZiii . '. mmtAiSiJT.- <t .Lit.- ..IT ':. . 



1.00V -L- 



| -b>-»^^g)ttMtt»tc<taac»M | S21 
sn 



x 



'1. OkHiM3kHi«ekHi 




i 




s>9 



S30 



YES 



^-^-^^fifltf^aJ^^ 


S33 







S34 



5.00V 



4.00V 



3.00V 



2.00V 



1.00V 




122] 



0, IOmo 0. 20mo 



40000 



QQjP 30000 
St: 20000 

■ . 



0* 
















oil 





















5000 10000 15000 20000 25000 



"(a 8) 502-32 1 073 (P2002-32 1 073A) 




[123] 



0. 10s tc 0. 20mc 



40000 



6lfr 30000 

I 46 20000 



10000 







r 












?* 


















it 




i.. i 




tt 



49 

46 20000 
u 

£ 

« 10000 



0 5000 10000 15000 20000 

0~100Hz (DEiftttffKfcft*<B^3tS 



124] 




29000 



[02 1] 



400 
m 300 

g . 

m loo 



o 



5000 

JBa«fc<:ts>' 



10000 



J 200 

6 too 

0 



0 



6000 
flttftCHs) 



10000 



400 
300 
200 
IP too 



6000 



10000 



400 



^200 
*100 



• 5000 



10000 



* 



'(419) J02-321073 (P2002-321 07 3A) 



[025] 



6 mm 




*»* as Att aa 



mm)* 3 /J"ffl3]^ _ _ 



F?-A(##) 2G051 AA37 AA89 AB02 AB20 BA10 
BB17 CA07 CB01 CB10 CC07 
CC11 DA06 EA14 EB01 EC04 
4E068 CA17 CB09 DA14 DB01 



